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METHODS AND SYSTEMIS FOR 
CONTROLLING GASTEMPERATURES 

FIELD OF INVENTION 

The present invention relates to temperature control sys 
tems and, more particularly, to methods and systems for con 
trolling the temperature of a heated gas stream Such as a flue 
gas Stream. 

BACKGROUND OF THE INVENTION 

One of the byproducts of combustion systems such as 
power plant boilers is exhaust gas, commonly known as flue 
gas. This gas may contain components which are harmful to 
the environment, such as oxides of nitrogen (NO). The pro 
duction of NO can occur when fuels are combusted, such as 
in steam generators, Steam boilers, refinery heaters, turbines, 
etc. Exemplary fuels include coal, oil, natural gas, waste 
product Such as municipal Solid waste, petroleum coke, and 
other carbon-based materials. It is beneficial to the environ 
ment to control the levels of NO released into the atmosphere 
by burning Such fuels. 

Fired steam generators, e.g., boilers, produce nitrogen 
oxides during the combustion process. In order to meet air 
quality standards, nitrogen oxides are one of the groups of 
emissions which are controlled. One common approach used 
to reduce nitrogen oxides in the flue gas is through the use of 
a selective catalytic reduction process, which converts nitro 
gen oxides to nitrogen and water through the catalytic reac 
tion of ammonia and platinum within a certain heat range. At 
lower boiler loads, when the gas temperature leaving the 
boiler is below the minimum operating temperature of the 
catalyst, unconverted ammonia will react with the water 
vapor and Sulfur trioxides present in the flue gas to form 
ammonium bisulfate and ammonium sulfate. Ammonium 
bisulfate is a sticky and corrosive salt that tends to precipitate 
out on the catalyst plate causing pluggage and de-activation 
of the catalyst. To counter this, it is necessary to raise the gas 
temperature leaving the boiler above the minimum operating 
temperature of the catalyst in order that the NO, reduction 
reaction can be sustained to boiler loads down to approxi 
mately 30% of full boiler load. 

Heat exchangers are devices used to exchange or transfer 
heat. In many steam generators or boilers, a heat exchanger, 
e.g., economizer, is used to transfer heat from the flue gas to 
the water feeding the steam generator or boiler. This approach 
saves energy by preheating the fluid, i.e., water, Supplied or 
fed to the steam generator or boiler. By transferring the heat 
from the flue gas to the feed fluid, which is referred to as 
feedwater, the temperature of the flue gas is reduced. When 
the gas temperature leaving the boiler is below the minimum 
operating temperature of the catalyst, the downstream selec 
tive catalytic reducer's (SCRs) ability to operate properly to 
remove NO, from the flue gas is affected as described above. 

In a known system that attempts to address the aforemen 
tioned problems, an economizer bypass system is employed 
wherein all or part of the feed water bypasses the entire 
economizer to raise the temperature of the exiting flue gas. 
However, Such systems have many limitations and disadvan 
tages including for example requiring: (1) additional safety 
valves because the output of a heated section may be closed 
off and (2) mixing equipment to prevent steam from leaving 
the economizer and going to the furnace circuits. Moreover, 
Such systems can cause thermal shock and premature failure 
of the tubes since hot water flow through the economizer may 
be stopped altogether during some period of time with the 
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2 
economizer tubes then being Subject to stresses as cold water 
is introduced into the dry hot economizer causing Sudden 
temperature changes and/or flashing. 

In view of the above discussion it should be appreciated 
that there is a need for new and improved ways of controlling 
the flue gas stream temperatures of steam generators or boil 
ers in order to reduce the level ofNO, entering the atmosphere 
via the exiting flue gas. While known attempts to address 
these needs have obtained some level of success, there 
remains a need for new and improved methods and systems 
for controlling flue gas temperatures. It is desirable that one or 
more new methods and apparatus be developed which work 
well particularly during low load operation of steam genera 
tors or boilers without risk of flashing or thermal shock and 
without the need for expensive safety values or mixing sys 
tems at the fluid outlet of a heat exchanger. 

SUMMARY OF THE INVENTION 

The present invention relates to methods and systems for 
controlling the temperature of a heated flue gas stream at a 
downstream device such as, for example, an SCR. 
One embodiment of the present invention relates to meth 

ods and systems for controlling the temperature of a heated 
flue gas stream of a steam generator at a location downstream 
of a multi-part heat exchanger within a desired operating 
range through the use of a fluid bypass line which bypasses 
one or more sections, but not all sections, of the multi-part 
heat exchanger. 
When using a heat exchanger, such as an economizer water 

bypass system, one of the main concerns is generating steam 
in the economizer circuits. For example, in a subcritical boiler 
this could lead to steam being carried over to the boiler drum, 
which could negatively impact the circulation of water 
through the boiler's furnace tubes resulting in furnace tube 
overheating and failing. In a Supercritical boiler, introducing 
steam into the furnace tubes will lead to “drying out the tubes 
earlier than expected, leading to the tubes in the upper furnace 
operating at temperatures above the design temperature, 
which will result in premature tube failure. To insure that 
steam will not reach the furnace tubes, in the event that the 
economizer generates Steam when in the bypass mode, at 
least one known system relies on the use of special mixing 
devices to keep the steam in contact with the sub-cooled 
bypass water to insure that any steam present will condense. 

In contrast to Such a known system, in the system of the 
present invention, only a portion of an economizer, e.g., one 
or more sections that are located between the economizer 
input header and an intermediate header are bypassed. Thus, 
if steam is generated in the bypassed section of the econo 
mizer of the present invention, the steam has time to condense 
between the mixing point at the intermediate header before 
reaching the furnace. Thus, by using a sufficiently long resi 
dent time between the mixing point and the output of the 
economizer any steam generated will be condensed and 
steam will not be output by the economizer eliminating the 
need for mixing equipment at the output of the economizer as 
compared to the known system. 
The economizer of the present invention is less likely to 

steam when the economizer is partially bypassed as com 
pared to systems which fully bypass the economizer during 
certain modes of operation. Furthermore if steam is generated 
in the partially bypassed section, it will be a lesser amount 
than would be generated if the entire economizer was fully 
bypassed. Moreover, the economizer of the present invention 
may, and in Some embodiments is used without, relief valves 
at the output of the economizer, an output economizer control 
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valve, or special mixing devices at the economizer's output. 
Thus, the economizer of the present invention while being 
safe can be implemented with fewer safety devices than 
known systems which fully bypass an economizer. 

In the known system where the economizer is completely 
bypassed, the system includes a control valve in the econo 
mizer line at the outlet of the economizer. Section I of the 
ASME Boiler and Pressure Vessel Code requires relieving 
capacity for a heated economizer with valves on either end. 
Because of this requirement, a safety valve and exhaust pip 
ing is included downstream of the economizer outlet in sys 
tems which fully bypass the economizer and which have 
valves on each end of the economizer which is common infull 
bypass systems. 

In one aspect of the present invention, the partial econo 
mizer bypass system does not require a safety valve because 
the economizer flow control valve is located before the inlet 
of the economizer and the economizer does not have a valve 
at both ends which could result in the economizer being fully 
closed off. 

In a known system which operates with the economizer 
completely bypassed during startup, when Sub-cooled feed 
water is finally allowed to flow through the economizer after 
start up, Steam flashing tends to occur. This increases the risk 
and likelihood that steam from the flashing could be carried to 
the furnace circuits resulting in damage to the furnace cir 
cuits. Furthermore, the introduction of sub-cooled water to 
hot dry tubes results in thermal shock, which in turn causes 
shortened tube life. 

In accordance with one aspect of the present invention, at 
no time is the economizer completely bypassed. In addition, 
in some embodiments but not necessarily all embodiments 
Some flow is maintained through the sections of the econo 
mizer at all times of operation. For example, in some embodi 
ments a minimum of five to ten percent of the total feedwater 
flow will be maintained at low boiler load, where the maxi 
mum amount of gas temperature correction will be required. 
Thus, some fluid flow occurs through the economizer even 
during low load conditions increasing system safety and 
reducing the chance for significant thermal shock to the 
economizer tubes. 

In accordance with one aspect of the present invention 
unlike a known system, which bypasses the entire econo 
mizer, one embodiment of the present inventionallows for the 
full flow of feedwater through the support tubes instead of a 
reduced flow of water through the support tubes. In support 
tubes with reduced water full such as the known system there 
is the potential for overheating of the support tubes which 
weakens the Support tubes and sometimes requires the Sup 
port tubes be upgraded to be made of more costly alloys that 
can withstand higher temperatures. Whereas the full flow of 
water through the Support tubes inaccordance with one aspect 
of the present invention allows the support tubes to operate at 
normal temperatures eliminating the problem encountered 
with the overheating of the support tubes in the known system 
and the need for upgrades to or usage of more costly alloys for 
the Support tubes. 

The methods and apparatus of the present invention are 
Suitable for a wide range of boiler applications and designs 
including split pass boilers. In split pass boilers, the back, or 
convection pass, is split into two parallel gas passes. In Such 
embodiments the economizer Surface is also usually split into 
two parts. For example, one part will normally be below the 
two parallel passes and one part will be in the lowest section 
of either the right or left side of one of the parallel gas passes. 
Each of these sections will normally comprise two or more 
banks, or groups of tubes separated by cavities. The econo 
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4 
mizer tubes in the common section of the pass below the side 
by side passes may be in line with the tube in the side by side 
passes or rotated 90° relative to the orientation of those tubes. 

In one embodiment of the present invention, the feedwater 
to the economizer is controlled by bypassing feedwater 
around the banks of the economizer section located in a 
common pass below the parallel passes of a split boiler sys 
tem. Bypassing water around this section of the economizer 
reduces the ability of the tubes to remove heat from the flue 
gas, resulting in an increase in the temperature of the flue gas 
leaving the boiler, and allowing the catalytic reduction of 
nitrous oxides to continue at boiler loads when the exiting gas 
temperature is normally too low. This control is normally 
required at loads between 30 and 70% of full boiler load. 
Above about 70% of full boiler load, when the gas tempera 
ture leaving the boiler is sufficiently high for the catalytic 
reaction to be sustained, the economizer section bypass is not 
in operation. 

In one embodiment of the present invention for controlling 
the temperature of a heated flue gas stream at a downstream 
device within a desired operating temperature range, the sys 
tem comprises: a multipart heat exchanger comprising: a first 
heat exchanger section located in said flue gas stream said 
first heat exchanger section having a fluid inlet coupled to a 
fluid feed line; a second heat exchanger section located in 
series with said first heat exchanger section in said flue gas 
stream, said second heat exchanger section being located 
upstream of said first heat exchanger section in said flue gas 
stream; an intermediate header having a first mixer fluid 
input, a second mixer fluid input, and a fluid outlet, said first 
mixer fluid input being coupled to a fluid output of said first 
heat exchanger section, and said fluid outlet being coupled to 
a fluid inlet of said second heat exchanger section; and a fluid 
bypass line coupling said fluid feed line to said second mixer 
fluid input of said intermediate header, said fluid bypass line 
extending outside of said flue gas stream and providing a fluid 
bypass allowing at least some fluid supplied by said fluid feed 
line to fully bypass said first heat exchanger section. 
Numerous additional features and embodiments are 

described in the detailed description which follows. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates an exemplary steam generator with a split 
convection pass implemented in accordance with an exem 
plary embodiment of the invention. 

FIG. 2 illustrates an exemplary economizer arrangement 
for a steam generator with a split convection pass without an 
economizer fluid bypass line. 

FIG. 3 illustrates an exemplary economizer arrangement 
with an exemplary partial bypass system for a steam genera 
tor with a split convection pass in accordance with one 
embodiment of the present invention. 

FIG. 4 illustrates an exemplary steam generator with a 
single convection pass implemented in accordance with an 
exemplary embodiment of the invention. 

FIG. 5 illustrates an exemplary economizer arrangement 
for a steam generator with a single convection pass without an 
economizer fluid bypass line. 

FIG. 6 illustrates an exemplary economizer arrangement 
with an exemplary partial bypass system for a steam genera 
tor with a single convection pass in accordance with one 
embodiment of the present invention. 

FIG. 7 illustrates an exemplary control module in accor 
dance with one embodiment of the present invention. 

DETAILED DESCRIPTION 

System 100 of FIG. 1 illustrates an exemplary steam gen 
erator or boiler 101, with a split convection pass 102 includ 
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ing a selective catalytic reducer (SCR) 103 sometimes 
referred to as a selective catalytic converter, a multi-partheat 
exchanger which includes an upper economizer section 108 
and a lower economizer section 107, and an air heater 104. 
The convection pass in a split pass boiler is divided into two 
sections with the use of a partition wall 106. Flue gas 111 
from the steam generator flows through the convection pass 
102, through the flue 105, then into the SCR 103 and into the 
air heater 104. After the air heater 104, the flue gas may, and 
in some embodiments of the present invention does, flow 
through equipment which removes particulate matter and 
sulfur oxides from the flue gas before the flue gas is dis 
charged to the atmosphere. The upper economizer section 
108 is located in the lower section of the inboard section 109 
of the split convection pass. In some embodiments, the upper 
economizer section 108 is located in the lower section of the 
outboard section 115 of the split convection pass. 

Elements of FIGS. 2, 3 and 7 which are the same or similar 
to the elements of FIG. 1 are identified using the same refer 
ence number. Elements of FIGS. 5 and 6 which are the same 
or similar to the elements of FIG. 4 are identified using the 
same reference number. The flue gas has been referred to 
throughout the Figures as flue gas 111. 

Diagram 200 of FIG. 2 shows details of an economizer 
arrangement with a split convection pass without a fluid feed 
line economizer bypass. The convection pass in a split pass 
boiler is divided into two sections with the use of a partition 
wall 206. The economizer surface is split into two sections in 
a split pass design. The lower economizer section 207 occu 
pies space beneath the two passes. The upper economizer 
section 208 is located in the lower section of the inboard 
section 209. Alternatively the upper economizer section 208 
may be and, in Some embodiments is, located in the lower 
section of the outboard section 215 of the split convection 
pass. The upper economizer in this alternative arrangement is 
shown with dashed lines and labeled as 208. For some steam 
generator designs with a split convection pass, the partition 
wall may be, and is, extended downto the boiler exit, splitting 
the lower economizer into two sections. 

The inlet of the lower economizer 207 is connected to an 
inlet header 210, which receives the feedwater to the boiler. 
This feedwater line 216 contains a flow measuring device 
236, a feed stop valve 211, and a feed check valve 212. The 
upper economizer section 208 is connected to an outlet 
header 213, which in the case of a subcritical or drum boiler 
is connected to the boiler drum, or in the case of a Super 
critical or once through boiler, is connected to the furnace 
circuitry. The lower economizer section 207 is usually, but 
need not be, connected to the upper economizer by the use of 
an intermediate header 214. The purpose of the economizer is 
to reduce the temperature of the combustion gas leaving the 
boiler by heating the feedwater to the boiler. 

The flue gas 111, which leaves the boiler, is passed through 
a selective catalytic converter (SCR), which removes the 
nitrous oxides in the flue gas by converting them into nitrogen 
and water through the interaction of the nitrous oxides and 
ammonia in the presence of a catalyst. This reaction occurs 
within a specific temperature range, typically 580 to 800°F. 
At lower boiler loads, the temperature of the flue gas will fall 
below the minimum catalyst operating range and be too low to 
Sustain the reaction without permanently damaging the cata 
lyst. 
The gas temperature leaving the boiler can be raised during 

low load operation by bypassing some of the feedwater 
around part of the economizer Surface, i.e., a section of the 
economizer. Diagram 300 of FIG. 3 illustrates an exemplary 
economizer arrangement with an exemplary partial bypass 
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6 
system for a steam generator with a split convection pass in 
accordance with one embodiment of the present invention. 

Diagram 300 of FIG. 3 includes a multi-part heat 
exchanger with a partial bypass and associated controls. The 
multi-part heat exchanger is illustrated as a multi-part econo 
mizer with the first or lower economizer section 307 located 
in the flue gas stream 111 in the common pass below the split 
pass convection pass and the second or upper economizer 
section 308 is connected in series to the lower economizer 
section 307 and located upstream in the flue gas stream in one 
part of the split pass. The convection pass is split into two 
sections with the use of a partition wall 306. 
The upper economizer section 308 is located in the lower 

section of the inboard section 309. Alternatively the upper 
economizer section 308' may be and, in some embodiments 
is, located in the lower section of the outboard section 315 of 
the split convection pass. The upper economizer in this alter 
native arrangement is shown with dashed lines and labeled as 
308'. As previously discussed in connection with FIG. 2, for 
Some steam generator designs with a split convection pass, 
the partition wall may be, and is, extended down to the boiler 
exit, splitting the lower economizer into two sections. 
The lower economizer section 307 has a fluid inlet coupled 

to a fluid feed line. Diagram 300 also includes an intermediate 
header 314, an inlet header 310, an outlet header 313, a fluid 
bypass line 318, and a boiler fluid feed line 316. The fluid 
bypass line extends outside of the flue gas stream 111 and 
provides a fluid bypass allowing at least some fluid Supplied 
by the fluid feed line 316 to fully bypass the first section of the 
heat exchanger that is the lower economizer section 307 of the 
exemplary system. The fluid bypass line 318 may be, and in 
Some embodiments of the present invention is, implemented 
as a feedwater bypass pipe. The intermediate header 314 has 
a first mixer fluid input, a second mixer fluid input and a fluid 
outlet. The first mixer fluid input of the intermediate header 
314 is coupled to a fluid output of the lower heat exchanger 
section 307. The fluid bypass line 318 couples the fluid feed 
line 316 to the second mixer fluid input of the intermediate 
header 314. The fluid outlet of the intermediate header 314 is 
coupled to a fluid inlet of the second or upper economizer 
Section 308. 

Located in the fluid feed line 316 are the boiler feed stop 
valve 311 and the boiler feed check valve 312. Between the 
feed stop and check valves and the economizer inlet header 
310 is a multi-position control valve 317 that regulates the 
flow of fluid between the fluid bypass line 318 and the lower 
economizer section 307. The control valve 317 is coupled to 
control module 330. The control valve 317 communicates 
with the control module 330 and receives one or more control 
signals (CTRL) from control module 330. The one or more 
control signals from the control module 330 control the posi 
tion of the control valve and therein the amount of fluid 
flowing through the control valve 317. The control module 
330 is shown in further detail in FIG. 7 and is discussed 
further below. 
The fluid feedwater bypass line is placed between the fluid 

feed pipe 316, also referred to as the boiler feed pipe 316, and 
the economizers intermediate header 314. The intermediate 
header 314 functions as a mixing header when the econo 
mizerpartial bypass is in operation. In the exemplary embodi 
ment of diagram 300 a block valve 319, a control valve 320, 
and a flow measuring device 321 are located in the fluid 
bypass line 318. In some embodiments of the present inven 
tion, a control valve is not included in the fluid bypass line 
318. However, including a control valve in the fluid bypass 
line increases the controllability of the system. 



US 9,388,978 B1 
7 

The economizerpartial bypass system of the present inven 
tion extends the operating range of an SCR, which has an 
operating range based on a minimum and maximum gas 
temperature. In order to extend the operating range, the gas 
temperature leaving the boiler during low load operation 
needs to be increased when the gas temperature leaving the 
boiler is below the minimum operating temperature of the 
SCR. Examples of low load operation include when the boiler 
is started up and when the load is being decreased. The opera 
tion of the exemplary economizer partial bypass system is 
explained in detail below in connection with the load condi 
tions of boiler start up and when the boiler load is being 
decreased. 

During boiler start up, the block valve 319 and the control 
valve 320 in the fluid bypass line 318 are fully opened when 
the temperature of the flue gas 111 entering the section of the 
economizer to be bypassed approaches about 700°F. as mea 
sured by the temperature sensor 322 at probe point 332 which 
is in the proximity of the intermediate header. Temperature 
sensor 322 transmits a signal indicative of the measured tem 
perature to the control module 330. During this time, the 
temperature of the flue gas 111 leaving the boiler is monitored 
by temperature sensor 323 at probe point 334 which is in the 
gas stream in the proximity of the boiler exit which may be 
and in some embodiments is also in the proximity of the fluid 
inlet header. Temperature sensor 323 transmits a signal 
indicative of the measured temperature to the control module 
330. The fluid flow through the lower section of the econo 
mizer 307 and the fluid flow through the fluid bypass line 318 
are also monitored by flow sensor device 324. The flow moni 
toring is based on measurements made by flow measuring 
device 321 in the fluid bypass line along with flow measure 
ments made by the boiler feed line measuring device 336 also 
referred to as the boiler feed water measuring device 336. The 
flow sensor device 324 and/or flow measuring devices 321 
and 336 transmit one or more signals to the control module 
330 indicative of the measured flow of fluid through the fluid 
bypass line 318 and the fluid feed line 316 as measured by 
flow measuring devices 321 and 336. The one or more signals 
are transmitted over communication link 331 shown as a 
dotted line in FIG. 3. 

In some embodiments, a flow measuring device is placed in 
the feedwater line 316 between the input header 310 and 
control valve 317 which is used to monitor the flow of the 
feedwater being supplied to the lower portion of the econo 
mizer 307. This flow measuring device is coupled to the 
control module 330 and/or the flow sensor device 324. This 
flow measuring device transmits one or more signals indica 
tive of the measure of the flow of fluid through the fluid feed 
line between the input header 310 and the control valve 317 
which may be used in determining the correct valve positions 
for the system to obtain the desired operating temperature. 
The control module 330 upon receipt of the temperature 

and flow measurement information processes the received 
information to determine when the desired minimum operat 
ing load for the SCR is approaching based on the fluid flow 
and temperature measurements received from the tempera 
ture sensors 322, 323 and flow sensor device 324. As the 
desired minimum operating load approaches, the control 
module transmits control signals CTRL to control valve 317 
and the control valve 317 is modulated closed to restrict the 
flow of fluid to the economizer lower section 307. The control 
module also transmits signals to the bypass control valve 320 
to adjust the position of the multi-position valve if necessary 
to increase the fluid flow through the fluid bypass line 318. As 
the fluid flow through the economizer lower section 307 is 
reduced, the gas temperature leaving the boiler and flowing to 
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the SCR increases. This temperature is measured at sensing 
point 334 by temperature sensor 323 and a signal indicative of 
this measurement will be sent to control module 330. The 
control module continues modulating the control valves 320 
and 317 until the desired gas temperature is achieved. At no 
point is the economizer control valve 317 fully closed. In 
some, but not all embodiments of the present invention, the 
control module is configured to control the position of the 
control valve 320 as a function of the temperature measured 
by temperature sensor 322 at probe point 332 which is in the 
flue gas in proximity to the intermediate header 314. In some 
embodiments of the present invention, the control module is 
further configured to vary the amount offluid flow through the 
bypass line 318 in response to changes in the temperature 
sensed at probe point 332. 
As the boiler load increases, the control module sends 

control signals to the economizer control valve 317 causing 
control valve 317 to modulate open to maintain the desired 
boiler outlet temperature. When the economizer control valve 
317 is fully opened, and as the load continues to increase, the 
control module sends control signals to the bypass control 
valve 320 causing the bypass control valve to modulate to the 
closed position. The modulation of the economizer control 
valve 317 and bypass control valve 320 are controlled via 
control signals (CTRL) transmitted from the control module 
330 to the control valves 317 and 320 as a function of tem 
perature sensing measurements and fluid flow measurements 
provided from sensor devices 322,323, and 324 transmitted 
to the control module. In some embodiments, but not all 
embodiments of the present invention, the control module is 
configured to control the economizer control valve 317 based 
on the temperature sensed by temperature sensor 322 at probe 
point 332 and/or temperature sensor 323 at probe point 334. 
When boiler load is being decreased, and as the minimum 

SCR operating temperature is being approached, the partial 
bypass operating procedure described above in connection 
with boiler startup is reversed. 
The present invention is also applicable to single convec 

tion pass boilers also know as series pass boilers. In a single 
convection pass boiler the back pass or convection pass con 
sists of a single gas pass. 

In an exemplary single convection series pass boiler in 
accordance with the present invention, the economizer con 
sists of three sections or banks of surface and the feedwater to 
the economizer is controlled by bypassing feedwater around 
the bottom two sections or banks of the economizer. In some 
embodiments of the present invention, the economizer con 
sists of only two sections or banks. In such systems, only one 
economizer section or bank is bypassed. The economizer is 
located in the lowest part of this pass and consists of two or 
more banks, or groups of tubes separated by cavities. 

For Some economizers in a single convection pass boiler in 
accordance with the present invention, the inlet headers are 
Supported by Vertical tubes which pass through the convec 
tion pass roof. By placing the intermediate header in line with 
the economizer inlet header allows for full waterflow through 
the support tubes above the intermediate header. Because of 
the higher gas temperatures in the upperpart of the convection 
pass, reduced flow through the Support tubes may and some 
times does lead to overheating which leads to a weakening of 
the Support tubes. Unlike a known system, which bypasses 
the entire economizer, embodiments of the present invention 
have full flow through these support tubes therein allowing 
the Support tubes to operate at normal temperatures eliminat 
ing the possible need for upgrades to more costly alloys. In 
Some embodiments of the present invention, this design fea 
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ture also applies to the vertical economizer tubes which are 
used to Supportall the horizontal tubes in the convection pass. 

Diagram 400 of FIG. 4 illustrates a typical steam generator 
or boiler 401, with a single convection pass 402 including an 
SCR 403, which is the catalytic converter, and an air heater 
404. In some embodiments after the air heater 404, the flue 
gas 111 usually, but not always, flows through additional 
equipment which removes particulate matter and Sulfur 
oxides from the flue gas 111 before the flue gas 111 is dis 
charged to the atmosphere. 

Diagram 500 of FIG. 5 illustrates an economizer arrange 
ment for a boiler with a single convection pass without an 
economizer bypass arrangement. The inlet of the lower sec 
tion of the economizer 505 is connected to an inlet header 
506, which receives the feedwater to the boiler. The feedwater 
line 507 contains a feed stop valve 508, a feed check valve 
509, and a boiler feed water measuring device 526. The upper 
section of the economizer is transitioned to vertical tubes 502, 
which are used to support all the horizontal sections of tubes 
from the bottom to the top of the gas pass. The upper hori 
Zontal bank of economizer tubes may, and in Some cases, are 
connected to a transition header 510 between the top horizon 
tal bank of the economizer and the vertical economizer Sup 
port tubes 502. These vertical support tubes are connected to 
an outlet header 504. In the case of a subcritical or drum boiler 
this outlet header 504 is connected to the boiler drum. In the 
case of a Super critical or once through boiler, the outlet 
header 504 is connected to the furnace circuitry. The econo 
mizer is a multi-part or multi-section heat exchanger which 
functions to reduce the temperature of the combustion gas 
also referred to as the flue gas leaving the boiler by heating the 
feedwater to the boiler. In some such systems no transition 
header 510 is used and the economizer 505 is connected to the 
outlet header 504. 
The flue gas 111, which leaves the single pass convection 

boiler, is passed through a SCR, which removes the nitrous 
oxides in the flue gas by converting them into nitrogen and 
water through the interaction of the nitrous oxides and ammo 
nia, in the presence of a catalyst and heat. As previously 
discussed, this reaction occurs within a specific temperature 
range, typically 580 to 800°F. Similar to the split convection 
pass boiler operation described above, at lower boiler loads, 
the temperature of the flue gas falls below the minimum 
catalyst operating range and is too low to Sustain the reaction 
without permanently damaging the catalyst. 

In embodiments of the present invention, the gas tempera 
ture leaving the boiler is raised during low load operation by 
bypassing some of the feed fluid referred to as feedwater 
around part of the economizer surface. Diagram 600 of FIG. 
6 illustrates an exemplary economizer arrangement with an 
exemplary partial bypass system for a steam generator with a 
single convection pass inaccordance with one embodiment of 
the present invention. 
Shown in diagram 600 of FIG. 6 is the multi-part econo 

mizer incorporating the bypass, which includes an interme 
diate header 611 between the bypassed first section of the 
economizer 612 and non-bypassed second section of the 
economizer 613, an inlet header 606, a transition header 610, 
an outlet header 604 and a boiler fluid feed line 607. As 
explained in connection with FIG. 5, the upper horizontal 
bank of economizer tubes may, and in Some embodiments of 
the present invention is, connected to a transition header 610 
between the top horizontal bank of the economizer and the 
vertical economizer support tubes 602. These vertical support 
tubes 602 are connected to an outlet header 604. In the case of 
a subcritical or drum boiler this outlet header 604 is connected 
to the boiler drum. In the case of a super critical or once 
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10 
through boiler, the outlet header 604 is connected to the 
furnace circuitry. The economizer is a multi-part or multi 
section heat exchanger which functions to reduce the tem 
perature of the combustion gas also referred to as the flue gas 
leaving the boiler by heating the feedwater to the boiler. In 
Some embodiments of the present invention, there is no tran 
sition header 610 and the upper section of the economizer 613 
is connected to the output header 604. 
The fluid used in the fluid feed line is water and the fluid 

feed line is sometimes referred to as the feedwater line. A 
boiler feed stop valve 608 and a boiler feed check valve 609 
are located in the fluid feed line 607. The fluid feed line 607 
in some embodiments is a fluid feedwater pipe. Between the 
feed stop and check valves and the economizer inlet header 
610 is a control valve 614 that is used to regulate the flow 
between the fluid bypass line 615 and the first section of the 
economizer 612. In some embodiments the fluid bypass line 
615 is a fluid bypass pipe. The fluid bypass line 615 is placed 
between the boiler feed line 607 and the intermediate header 
611. The intermediate header functions as a mixing header 
when the economizer bypass is in operation. In the exemplary 
embodiment of diagram 600 a block valve 616, a control 
valve 617, and a flow measuring device 618 are located in the 
fluid bypass line 615. In some embodiments of the present 
invention, a control valve such as control valve 617 is not 
included in the fluid bypass line 615. However, including a 
control valve in the bypass line increases the controllability of 
the system. 
As previously discussed in connection with the split pass 

convection boiler system described above, the economizer 
bypass system of the present invention extends the operating 
range of a SCR, which has an operating range based on a 
minimum and maximum gas temperature. In order to extend 
the operating range, it is necessary to increase the gas tem 
perature leaving the boiler during low load operation when 
the gas temperature leaving the boiler is below the minimum 
operating temperature of the SCR. Low load times include 
boiler startup and when the boiler load is being decreased. An 
explanation of how the exemplary economizer partial bypass 
system is used to increase the gas temperature leaving a single 
pass convection boiler to extend the operating range of a SCR 
located downstream from the boiler during boiler startup and 
when the boiler load is being decreased is discussed below. 

During boiler start up, the block valve 616 and the control 
valve 617 in the fluid bypass line 615 are fully opened when 
the gas temperature of the flue gas 111 entering the first 
section of economizer approaches about 700°F. as measured 
by the temperature sensor 619 at a probe point 630 which is in 
the flue gas in the proximity of the intermediate header 611. 
The temperature sensor 619 transmits a signal indicative of 
the measured temperature to the control module 330. During 
this time, the temperature of the flue gas 111 leaving the boiler 
is monitored by temperature sensor 620 at a probe point 632 
which is in the gas stream in the proximity of the boiler exit. 
In some embodiments the temperature of the flue gas 111 
leaving the boiler is monitored by temperature sensor 620 at 
a probe point 632 which is in the proximity of the input header 
606. Temperature sensor 620 transmits a signal indicative of 
the measured temperature to the control module 330. The 
fluid flow through the first section of the economizer 612 and 
the flow through the fluid bypass line 615 is monitored by 
flow sensor 625 monitored. The flow monitoring will be 
based on measurements made by the flow measuring device 
618 in the fluid bypass line 615 along with the flow measure 
ments made by the boiler feed water measuring device 626 in 
the fluid feed line 607 as measured by the flow measuring 
devices 618 and 626. The flow sensor device 625 and/or the 
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flow measuring devices 618 and 626 transmit one or more 
signals to the control module 330 indicative of the measured 
flow of fluid through the fluid bypass line 615 and the fluid 
feed line 607. 

In some embodiments, a flow measuring device is placed in 
the feedwater line 607 between the input header 606 and 
control valve 614 which is used to monitor the flow of the 
feedwater being supplied to the lower portion of the econo 
mizer 612. This flow measuring device is coupled to the 
control module 330 and/or the flow sensor device 625. This 
flow measuring device transmits one or more signals indica 
tive of the measure of the flow of fluid through the fluid feed 
line between the input header 606 and the control valve 614 
which may be used in determining the correct valve positions 
for the system to obtain the desired operating temperature. 
The one or more signals are transmitted over communication 
link 331 shown as a dotted line in FIG. 6. 
The control module upon receipt of the temperature and 

flow measurement information processes the received infor 
mation to determine when the desired minimum operating 
load for the SCR is approaching based on the fluid flow and 
temperature measurements received from the temperature 
sensors 619 and 620 and flow sensor device 625. As the boiler 
load increases and starts to approach the minimum operating 
load for the SCR, the control module 330 transmits control 
signals (CTRL) to the economizer control valve 614 to cause 
the economizer control valve to be modulated to a partially 
closed position to restrict flow to the first section of the 
economizer 612 and increase flow through the fluid bypass 
line 615. As the flow through the first section of the econo 
mizer is being reduced, the gas temperature leaving the boiler 
as measured by temperature sensor 620 at probe point 632 
which is in the gas stream in the proximity of the boiler exit 
increases thereby increasing gas temperature of the down 
stream SCR. The control module 330 continues to modulate 
the control values 614 and 617 until the desired gas tempera 
ture is achieved. At no point is the economizer control valve 
614 modulated to a fully closed position. As boiler load 
increases, the control module transmits control signals to the 
economizer control valve 614 that causes the control valve 
614 to modulate open to maintain the desired boiler outlet flue 
gas temperature. When the economizer control valve 614 is 
fully opened, and as the boiler load continues to increase, the 
bypass control valve 617 is commanded to modulate to the 
closed position by a control signal sent to the bypass control 
valve 617 from the control module 330. 
When boiler load is being decreased, and as the minimum 

SCR operating temperature is being approached, the partial 
bypass operating procedure is reversed from the procedure 
used for start up. 

FIG. 7 illustrates some of the elements of control module 
330 in further detail. The control module 330 includes an 
Input/Output (I/O) Interface 702, a processor 708, a memory 
710, and communication links 716, 712 and 714. The com 
munication link 716 may be and in some embodiments is a 
communication bus. In some embodiments, the communica 
tions links 716, 712 and 714 are wires or traces. Communi 
cation link 712 couples processor 708 to communication link 
716. Communication link 714 couples memory 710 to com 
munication link 716. The I/O Interface 702 is also coupled to 
communication link 716. Processor 708, memory 710, and 
I/O Interface 702 communicate over communication link 
716. Memory 710 may, and in some embodiments does, 
include programming instructions for configuring the control 
module and performing operations on the processor 708. 
Memory 710 is also used for storing data such as for example 
the temperature and flow measurements received from sen 
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sors and position status for various valves. The I/O Interface 
702 further includes a receiver 704 and transmitter 706. The 
sensor devices send sensor measurement information and 
data to the control module 330 via communication link 331 
Such as temperature and flow measurements. The valves may, 
and in Some embodiments do transmit valve position infor 
mation to the control module. The receiver 704 receives the 
information and provides it to processor 708 via communi 
cation links 716 and 712. The processor may, and in some 
embodiments does, store the information in memory 710 for 
potential later use. Processor 708 processes the received sen 
Sor measurements and determines how the valves of the sys 
tem should adjusted or positioned to obtain or maintain the 
proper flue gas temperature. The processor then sends via 
communication bus 712 and 716 one or more control signals 
to the transmitter 706 of I/O interface 702. The transmitter 
then transmits the one or more control signals shown as 
CTRL in the FIGS. 3, 6 and 7 to the appropriate devices (e.g., 
control and block valves 311,317,319, and 320 of FIG.3 and 
control and block valves 608, 614, 616, and 617 of FIG. 6). 
Upon receipt of the control signals the control and block 
valves 311,317,319, 320 of FIG.3 and the control and block 
valves 608, 614, 616, and 617 of FIG. 6 adjust their valve 
positions in accordance with the received control signal. In 
this manner, the system is able to obtain and or maintain the 
appropriate gas flue temperature during low load boiler 
operations. The communication link331 may be wired and/or 
wireless links. The CTRL signal may be, and in some 
embodiments is, transmitted over the communication link 
331. The CTRL signal may be, and in some embodiments is, 
transmitted over a separate communication link from the 
communication link 331. 

While the exemplary embodiments have been described in 
connection with maintaining the gas temperature leaving a 
boiler at a suitably high temperature to allow SCR operation 
at boiler loads at which boiler exit gas temperatures are nor 
mally below the minimum operating temperature for SCRs, 
these are only exemplary applications of the present inven 
tion. For example, the present invention may, and in some 
embodiments, is used to maintain gas temperatures leaving an 
air heater above the dew point, to elevate air temperatures 
leaving an air heater when higher temperatures are required 
for coal drying and to provide higher gas temperatures for any 
other equipment downstream of the boiler exit whose opera 
tion might benefit from operation at higher temperatures. 

In one embodiment of the present invention for controlling 
the temperature of a heated flue gas stream at a downstream 
device within a desired operating temperature range, the sys 
tem comprises: a multipart heat exchanger comprising: a first 
heat exchanger section located in said flue gas stream said 
first heat exchanger section having a fluid inlet coupled to a 
fluid feed line; a second heat exchanger section located in 
series with said first heat exchanger section in said flue gas 
stream, said second heat exchanger section being located 
upstream of said first heat exchanger section in said flue gas 
stream; an intermediate header having a first mixer fluid 
input, a second mixer fluid input, and a fluid outlet, said first 
mixer fluid input being coupled to a fluid output of said first 
heat exchanger section, and said fluid outlet being coupled to 
a fluid inlet of said second heat exchanger section; and a fluid 
bypass line coupling said fluid feed line to said second mixer 
fluid input of said intermediate header, said fluid bypass line 
extending outside of said flue gas stream and providing a fluid 
bypass allowing at least some fluid supplied by said fluid feed 
line to fully bypass said first heat exchanger section. 

In accordance with one aspect of the present invention, the 
system further comprises: a first temperature sensor in said 
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flue gas stream in proximity of said intermediate header, a 
first valve located in series with said fluid bypass line for 
controlling an amount of fluid flow through said fluid bypass 
line; and a control module coupled to said first temperature 
sensor and said first valve, being configured to control a 
position of said first valve as a function of a temperature 
measured by said first temperature sensor. 

In some embodiments of the present invention, the first 
valve is a multi-position valve; and the control module is 
configured to vary the amount of fluid flow through said 
bypass line in response to changes in sensed temperature 
indicated by said first temperature sensor. 

In some embodiments of the present invention, the first 
heat exchanger section includes a fluid inlet header, and the 
system further includes: a second temperature sensor located 
in said flue gas stream in proximity to the fluid inlet header 
coupled to the control module. 

In some embodiments of the present invention, the first 
heat exchanger section includes a fluid inlet header, and the 
system further includes: a second temperature sensor located 
in said flue gas stream in proximity to the boiler exit coupled 
to the control module. 

In some embodiments of the present invention, the system 
further comprises: a fluid monitoring device located in the 
fluid bypass line and coupled to the control module; the fluid 
monitoring device configured to measure the flow of fluid 
through the bypass line and send fluid flow measurement 
information to said control module. 

In some embodiments the control module of the system is 
further configured to: receive the fluid flow measurement 
information from the fluid monitoring device; and 
use said received fluid flow measurement information during 
said varying the amount of fluid flow through said bypass line 
in response to changes in sensed temperature indicated by 
said first temperature sensor. 

In some embodiments of the present invention, the system 
further comprises: a second valve located between a fluid 
supply line and the fluid inlet header, the second valve con 
trolling an amount of fluid supplied to the fluid inlet header; 
and wherein the control module is configured to control said 
second valve based on a temperature sensed by said second 
temperature sensor. 

In some embodiments of the present invention, the multi 
partheat exchanger is located in a flue between a boiler which 
outputs said flue gas stream and a selective catalytic reduction 
(SCR) module. 

In some embodiments of the present invention, the first 
heat exchanger section of the multipart heat exchanger is 
located in a common pass portion of a split pass convection 
flue. 

In some embodiments of the present invention, the second 
heat exchanger section is located in one section of a split path 
portion of the split pass convection flue; and wherein a par 
allel split path portion of the split pass convention flue does 
not include a portion of said a multipart heat exchanger. 

In some embodiments of the present invention, the second 
heat exchanger section is configured (e.g., is sufficiently 
long) to condense any steam received via said first and second 
inputs of said intermediate header. 

In some embodiments of the present invention, exhaust 
piping is not required downstream of the heat exchanger 
outlet. 

In some embodiments of the present invention, a safety 
valve is not required downstream of the heat exchanger outlet. 

In some embodiments of the present invention, special 
mixing devices are not required at the output of the heat 
exchanger. 
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In some embodiments of the present invention, the system 

further comprises a third valve located between a fluid supply 
line and the fluid inlet header, the second valve being a block 
valve switchable between a fully open and a fully closed state; 
and the control module of the system is further configured to 
close said second valve when a desired flue gas operating 
temperature is detected by the first temperature sensor. 

In some embodiments of the present invention the multi 
part heat exchanger is a multipart economizer. 

In some embodiments of the present invention, the fluid 
bypass line comprises one or more tubes attached to both said 
inlet header and said intermediate header and provide struc 
tural support for both said inlet header and said intermediate 
header. 

In an exemplary method for controlling the temperature of 
a heated flue gas stream at a location downstream of a multi 
part heat exchanger within a desired operating temperature 
range in accordance with one embodiment of the present 
invention, the method comprises: sensing, using a first tem 
perature sensor, a temperature in said flue gas stream in proX 
imity to an intermediate header of said multipart heat 
exchanger, said multi-part heat exchanger including: a first 
heat exchanger section located in said flue gas stream said 
first heat exchanger section having a fluid inlet coupled to a 
fluid feed line; a second heat exchanger section located in 
series with the first heat exchanger section in the flue gas 
stream, the second heat exchanger section being located 
upstream of the first heat exchanger section in the flue gas 
stream; and the intermediate header having a first mixer fluid 
input, a second mixer fluid input, and a fluid outlet, the first 
mixer fluid input being coupled to a fluid output of the first 
heat exchanger section, and the fluid outlet being coupled to 
a fluid inlet of the second heat exchanger section; and a fluid 
bypass line coupling the fluid feed line to the second mixer 
fluid input of the intermediate header, the fluid bypass line 
extending outside of the flue gas stream and providing a fluid 
bypass allowing at least some fluid supplied by the fluid feed 
line to fully bypass the first heat exchanger section; and 
controlling a position of a bypass line control valve to control 
an amount of fluid passing through the fluid bypass line to the 
second mixer fluid input based on the temperature in the flue 
gas stream in proximity to the intermediate header of the 
multipartheat exchanger. In some embodiments of the exem 
plary method of the present invention, the bypass line control 
valve is a multi-position valve Supporting multiple positions 
between a full open and a full closed position, and controlling 
the position of said bypass line control valve includes main 
taining the bypass line in a full open state when the tempera 
ture measured by the first temperature sensor in the flue gas 
stream is below a first temperature and closing said valve as 
the temperature measured by said first temperature sensor 
increases beyond said first temperature. 

In some embodiments of the exemplary method of the 
present invention, the method further comprises: sensing, 
using a second temperature sensor located in the flue gas 
stream in proximity to the fluid inlet header, a flue gas output 
temperature; and controlling the amount of fluid allowed to 
pass through said fluid bypass line to the second mixer fluid 
input is also based on the flue gas output temperature sensed 
by the second temperature sensor. 

In some embodiments of the exemplary method of the 
present invention, the method further comprises: sensing, 
using a second temperature sensor located in the flue gas 
stream in proximity to the boiler exit, a flue gas output tem 
perature; and controlling the amount of fluid allowed to pass 
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through said fluid bypass line to the second mixer fluid input 
is also based on the flue gas output temperature sensed by the 
second temperature sensor. 

In some embodiments of the present invention, controlling 
the position of said bypass line control valve of the exemplary 
method of the present invention includes maintaining said 
bypass line control valve in a fully closed state when the 
second temperature sensor indicates the flue gas output tem 
perature is in a desired operating range. 

In some embodiments of the present invention, the exem 
plary method further comprises: controlling a position of an 
economizer flow control valve, from a minimally open posi 
tion to a fully open position, to control an amount of fluid 
passing through the first heat exchanger section as a function 
of at least one of the temperature measured by the first tem 
perature sensor or the temperature measured by the second 
temperature sensor. 

In some embodiments of the present invention, controlling 
a position of an economizer flow control valve of the exem 
plary method includes opening the economizer flow control 
valve when the first temperature sensor indicates a tempera 
ture which increases over said first temperature. 

In some embodiments of the present invention, controlling 
the position of the economizer flow control valve of the exem 
plary method is further based on the flue gas output tempera 
ture sensed by the second temperature sensor in addition to 
the temperature sensed by the first temperature sensor. 

In some embodiments of the present invention, controlling 
the position of the economizer flow control valve of the exem 
plary method includes: controlling the economizer flow con 
trol valve to operate in a fully open state after: (i) said second 
temperature sensor senses a flue gas output temperature that is 
in a desired operating range, (ii) said bypass line control valve 
has been put in a fully closed State, and (iii) said economizer 
flow control valve has been opened to the fully open state. 

In some embodiments of the present invention, controlling 
the economizer flow control valve of the exemplary method 
includes maintaining at least some flow through the econo 
mizer flow control valve during all times of operation. 

In some embodiments of the present invention, controlling 
the economizer flow control valve of the exemplary method 
includes maintaining at least 10% of the maximum fluid flow 
through the economizer flow control valve during all times of 
operation. 

In some embodiments of the present invention, the exem 
plary method further comprises: measuring the flow of fluid 
through the economizer flow control valve; and controlling 
the position of said economizer flow control valve is further 
based on the measured flow in addition to the flue gas output 
temperature measured by the second temperature sensor, the 
fluid flow through the economizer flow control valve being 
controlled to keep the output temperature in a desired range 
after the bypass line control valve has been fully closed. 

In various embodiments system/apparatus elements 
described herein are implemented using one or more modules 
which are used to perform the steps and/or Sub-steps corre 
sponding to one or more methods of the present invention. 
Each step may be performed and/or controlled by one or more 
different software instructions executed by a computer pro 
cessor, e.g., a central processing unit (CPU). In some embodi 
ments the control module may be and is implemented in 
Software. In some embodiments the modules, e.g., control 
module may be, and are implemented in hardware, e.g., as 
circuits. In some embodiments the modules, e.g., control 
module, may be, and are, implemented in a combination of 
hardware and software. 
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In various embodiments a device of any of one or more of 

the figures includes a module corresponding to each of the 
individual steps and/or operations described in the present 
application. 
The techniques of various embodiments may be imple 

mented using Software, hardware and/or a combination of 
software and hardware. Various embodiments are directed to 
methods, e.g., method of controlling and/or operating a heat 
exchange system. Various embodiments are also directed to 
machine, e.g., computer, readable medium, e.g., ROM, RAM, 
CDs, hard discs, etc., which include machine readable 
instructions for controlling a machine, e.g., heat exchange 
system, to implement one or more steps of a method 
described in the present application. The computer readable 
medium is, e.g., a non-transitory computer readable medium 
in at least Some embodiments. 

It is understood that the specific order or hierarchy of steps 
in the processes disclosed is an example of exemplary 
approaches. Based upon design preferences, it is understood 
that the specific order or hierarchy of steps in the processes 
may be rearranged while remaining within the scope of the 
present disclosure. The accompanying method claims present 
elements of the various steps in a sample order, and are not 
meant to be limited to the specific order or hierarchy pre 
sented. 
Numerous additional variations on the methods and appa 

ratus of the various embodiments described above will be 
apparent to those skilled in the art in view of the above 
description. Numerous additional embodiments and varia 
tions will be apparent to those of ordinary skill in the art in 
view of the above description and the claims which follow 
and are within the scope of the present invention. 
What is claimed is: 
1. A system for controlling the temperature of a heated flue 

gas stream at a downstream device within a desired operating 
temperature range, the system comprising: 

a multipart heat exchanger comprising: 
a first heat exchanger section located in said flue gas 

stream said first heat exchanger section having a fluid 
inlet coupled to a fluid feed line; 

a second heat exchanger section connected in series with 
said first heat exchanger section in said flue gas 
stream, said second heat exchanger section being 
located upstream of said first heat exchanger section 
in said flue gas stream; 

an intermediate header having a first mixer fluid input, a 
second mixer fluid input, and a fluid outlet, said first 
mixer fluid input being coupled to a fluid output of 
said first heat exchanger section, and said fluid outlet 
of said intermediate header being coupled to a fluid 
inlet of said second heat exchanger section; 

a fluid bypass line coupling said fluid feed line to said 
second mixer fluid input of said intermediate header, 
said fluid bypass line extending outside of said flue 
gas stream and providing a fluid bypass allowing at 
least some fluid supplied by said fluid feedline to fully 
bypass said first heat exchanger section; and 

wherein the system further comprises: 
a first temperature sensor in said flue gas stream in 

proximity of said intermediate header, 
a first valve located in series with said fluid bypass line 

for controlling an amount of fluid flow through said 
fluid bypass line; and 

a control module coupled to said first temperature sensor 
and said first valve, being configured to control a 
position of said first valve as a function of a tempera 
ture measured by said first temperature sensor. 
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2. The system of claim 1, 
wherein said first valve is a multi-position valve; and 
wherein said control module is configured to vary the 

amount of fluid flow through said bypass line in response 
to changes in sensed temperature indicated by said first 
temperature sensor. 

3. The system of claim 2, 
wherein said first heat exchanger section includes a fluid 

inlet header; and 
wherein said system further includes: 

a second temperature sensor located in said flue gas 
stream in proximity to a flue gas exit coupled to said 
control module. 

4. The system of claim3, further comprising: 
a fluid monitoring device located in said fluid bypass line 

and coupled to said control module; and 
said fluid monitoring device configured to measure the 

flow of fluid through the bypass line and send fluid flow 
measurement information to said control module. 

5. The system of claim 4, wherein said control module is 
further configured to: 

receive said fluid flow measurement information from said 
fluid monitoring device; and 

use said received fluid flow measurement information dur 
ing said varying the amount of fluid flow through said 
bypass line in response to changes in sensed temperature 
indicated by said first temperature sensor. 

6. The system of claim 2, further comprising: 
a second valve located between a fluid supply line and said 

fluid inlet header, said second valve controlling an 
amount of fluid supplied to said fluid inlet header; and 

wherein said control module is configured to control said 
Second valve based on a temperature sensed by said 
Second temperature sensor. 

7. The system of claim 2, further comprising: 
a third valve located between a fluid supply line and said 

fluid inlet header, said second valve being a block valve 
switchable between a fully open and a fully closed state; 
and 

wherein said control module is further configured to close 
said second valve when a desired flue gas operating 
temperature is detected by the first temperature sensor. 

8. The system of claim 1 wherein said multipart heat 
exchanger is located in a flue between a boiler which outputs 
said flue gas stream and a selective catalytic reduction (SCR) 
module. 

9. The system of claim 1, wherein the multipart heat 
exchanger is a multipart economizer. 

10. A system for controlling the temperature of a heated 
flue gas stream at a downstream device within a desired 
operating temperature range, the system comprising: 

a multipart heat exchanger comprising: 

18 
a first heat exchanger section located in said flue gas 

stream said first heat exchanger section having a fluid 
inlet coupled to a fluid feed line: 

a second heat exchanger section connected in series with 
5 said first heat exchanger section in said flue gas 

stream, said second heat exchanger section being 
located upstream of said first heat exchanger section 
in said flue gas stream; 

an intermediate header having a first mixer fluid input, a 
second mixer fluid input, and a fluid outlet, said first 
mixer fluid input being coupled to a fluid output of 
said first heat exchanger section, and said fluid outlet 
of said intermediate header being coupled to a fluid 
inlet of said second heat exchanger section; 

a fluid bypass line coupling said fluid feed line to said 
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second mixer fluid input of said intermediate header, 
said fluid bypass line extending outside of said flue 
gas stream and providing a fluid bypass allowing at 
least some fluid supplied by said fluid feedline to fully 

2O bypass said first heat exchanger section; and 
wherein said second heat exchanger section is configured 

to condense any steam received via said first and second 
inputs of said intermediate header. 

11. A system for controlling the temperature of a heated 
2s flue gas stream at a downstream device within a desired 

operating temperature range, the system comprising: 
a multipart heat exchanger comprising: 

a first heat exchanger section located in said flue gas 
stream said first heat exchanger section having a fluid 
inlet coupled to a fluid feed line: 

a second heat exchanger section connected in series with 
said first heat exchanger section in said flue gas 
stream, said second heat exchanger section being 
located upstream of said first heat exchanger section 
in said flue gas stream; 

an intermediate header having a first mixer fluid input, a 
second mixer fluid input, and a fluid outlet, said first 
mixer fluid input being coupled to a fluid output of 
said first heat exchanger section, and said fluid outlet 
of said intermediate header being coupled to a fluid 
inlet of said second heat exchanger section; 

a fluid bypass line coupling said fluid feed line to said 
second mixer fluid input of said intermediate header, 
said fluid bypass line extending outside of said flue 
gas stream and providing a fluid bypass allowing at 
least some fluid supplied by said fluid feedline to fully 
bypass said first heat exchanger section; and 

wherein said fluid bypass line comprises one or more 
tubes attached to both said inlet header and said inter 
mediate header and provide structural support for 
both said inlet header and said intermediate header. 
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